A small molecule norspermidine in combination with silver ion enhances dispersal and disinfection of multi-species wastewater biofilms.
Detrimental biofilms have become a great concern in many areas due to their strong resistance and insensitivity to traditional antimicrobial agents. Norspermidine is a potent small molecule for biofilm dispersal. In this study, silver ion, a conventional inorganic biocide, was combined with norspermidine and used for control and removal of multi-species biofilms formed by a mixed culture from wastewater treatment systems. Results showed that silver ion (0.01-1 mg/L) treatment alone failed to remove the existing wastewater biofilms. Norspermidine at the concentrations of 500-1000 μM was capable to disrupt and disperse the existing biofilms with a biofilm reduction of 21-34 % after 24-h exposure. The combined treatment with norspermidine (500 μM) and silver ion (0.01 mg/L) increased biofilm reduction to 48 % (24-h exposure). The combined treatment also enhanced biofilm disinfection ratio (82 %, 2-h exposure) by 2.0- and 2.6-folds compared to norspermidine (27 %) or silver ion (23 %) treatment alone, respectively. Confocal laser scanning microscopic (CLSM) observations found that norspermidine could disrupt biofilm matrix and promote biofilm dispersal via breaking down exopolysaccharides. The combined treatment increased the reduction in biofilm cell density and viability, possibly due to the damage of biofilm matrix, enhanced silver ion diffusion in biofilms, and increased biofilm sensitivity. These findings indicate that the combination of a small molecule norspermidine with a traditional biocide silver ion presents a novel strategy to remove and kill biofilms, which have a potential application in addressing wastewater biofilm-related issues.